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e did not show up for work shift, ED staff would
spendently go to her apartment

used to consistently self treat or tell family or
boyfriends that she was diabetic because she believed
that this would lead to never being able to get married

= After 1 session with me, she failed to appear for 2d
session because she died of final hypoglycemic event.



goticide” Attempt in Diabetic Pt

are of whether ER patients

SO e cognitive deficits

niscalculate insulin dosages and
ntly overdose



WHELS metabolic syndrome’?

(fat belly)
tabolism (diabetes, pre-

‘bad” cholesterol ‘
erol (HDL)

vlood pressure

LDL) or low “good”

tabolic syndrome factor independently
increases stroke risk

= Having all 4 doubles dementia risk
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Diabetes Belt

s in the diabetes belt match up to
1s for the disease, mcludmg

, , 1% vs. 25%);
r education levels (24% with college

= Highly tied to high consumption of fried
foods, processed foods, sugar use, and lack of
exercise




CDC Obesity (BMI >30)
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Percent of Obese (BMI >30) in U.S. Adults
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CDC % Stroke

Percentage of People Who Were Ever Told
| They Had a Stroke, 2008
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labetes

1s a metabolic disease characterized
se levels (hyperglycemia).

= peripheral nervous system
= brain



Diabetes Mellitus

deficiency of insulin

lopment of insulin resistance and inadequate
ensatory insulin secretion response




3fain needs steady glucose

ae body's metabolic consumption

, ng is dependent upon
ient levels of continuous circulating glucose.

= Starved of glucose brain functions suffer: thinking
and mood decline



slassic DV Medical Consequences

ith potential loss of vision
ling to renal (kidney) failure

sxs, and sexual dysfunction

1sed incidence of atherosclerotic
ascular, peripheral arterial, &
cerebrovascular disease

m Increased mortality




Hypoglycemia

d starvation— coma, seizure, and
brain damage.

poglycemia:

o of deaths among diabetic patients,

| much lower than the mortality from diabetic
oacidosis (6%) (a severe accumulation of keto
Is so that the pH of the blood is substantially
ased)

= Severe episodes = third party help needed.




1The Problem

12ar control :

5 the great benefit of reducing target organ
age (retinopathy, nephropathy, and
opath:

- but brings with it a threefold increase in
severe hypoglycemia.




3rain Sxs of Hypoglycemia

hakiness

ss or ligl dness
1
ion
ty speaking
- anxious or weak
le e

ack of energy
Inability to concentrate

=@ Prolonged severe hypoglycemia may result in a
hypoglycemic coma.




of Hyperglycemia

ed cognitive functioning
‘essive mood

5 Prolonged severe hyperglycemia may result in
ketoacidosis.




Cognition

Inking

1t medical NP s udy, Miles & Root:

ad shorter memory span and
er sustained attention




etes & the Brain

plications of DM are referred to as

y speed up aging-related cognitive deficits

= Causes twofold increase in the risk of
dementia in type 2 DM.

Biessels et al., 2006



Diabetes & the Brain 2

more often produces some
oblem

<

'nificant deficits are on tasks of

ve function

1 of processing
in Type 2 DM

" Memory







Diabetes and Dementia:
Viechanisms

%ﬁ%

Macrovascular Microvascular Glucose Insulin
disease @ disease @ toxicity <—_‘>
*inflammation _
+ brain infarcts +insidious + advanced protein [ secretion
ischemia glycation | breakdown of
» microinfarcts + oxidative stress B amyloid
Vascular dementia Accelerated aging Alzheimer disease




Viechanisms linking Obesity to Dementia

)

IL-6 & TNF-q

tissue

Resistin, Leptm & Adiponectin \



SUmmarny erpossiblesmechanistic contributors to cognitive dysfunction
Seen in diabetes mellitus

Hyperglycemia-
Induced End Organ
Damage
“Microvascular Disease”

“Macrovascular
Disease”
Cerebrovascular
Accident

Insulin Resistance

Cognitive Dysfunction in
Diabetes Mellitus

Absence of . ‘ .
C-Peptide ypoglycemia

Absence of
Apog4 Allele

Kodl, C. T. et al. Endocr Rev 2008;29:494-511

ENDOCRINE

R /\



1S: Index to Memory

Hippocampus (outlined in red)
is involved in learning and
memory.

epeated episodes of high or
 blood sugar——leads to
reduced memory functioning.




Control Diabetes

* Diabetes & infarcts related
to hippocampal dysfunction

* Dentate gyrus linked to
diabetes & blood glucose
levels
* CAl & subiculum linked to
infarcts & transient
hypoperfusion;
* AD targets entorhinal cortex

Infarcts

* Normal blood glucose levels
increase dentate function, i.e.
via exercise

Red = greater Cerebral Blood Flow

Wu, et. al., Ann Neurol, 2008



o [f both DM and HTN: worst cognitive outcomes




S for DM effects on Cognition

asulin [evels (what brain produces)

produced Insulin increases with age

sed insulin boosts levels of beta-amyloid.

» Increased risk for AD




Insulin in the brain

tors are widely distributed in the
ypothalamus and hippocampus

“older’ ype 2 DM

= This is reason why type 2 DM has more
memory deficits than type 1 DM







. Developmental delays on Vocabulary & Block
Design



e to missing more school

g

| hypoglycemic events cause temporary
tional deficit

» Visual spatial |
= EEG abnormalities



= Attention
= Psychomotor speed

» Spatial processing (effect sizes of .3-.4)




Type 1 DM: adult

e or no cognitive impairment

ipheral neuroFathV and chronic
ound hypoglycemic episodes

1g relationship with

Visual spatial |
Executive | (esp. if 15 years +)

El
HE B E B

Christopher Ryan, 2009



lype 1 DM: adult

induced cognitive impairment is
DM adults.

= No NP deficits in longitudinal studies of 13-39 y (both DCCT
and Stockholm Diabetes Intervention studies)

Christopher Ryan, 2009




Type 1 DM adult

ongitudinal vs. cross sectional

_ : redictor of brain damage
ration of hypoglycemia

oke research, co-occurrence of
rglycemia increases risk & magnitude of
damage

m Those with greatest hypoglycemia-induced
~ cognitive deficits also have hx of chronic

hyperglycemia




Overall cognition
Intelligence
Crystalized Intelligence
Fluid intelligence
Leaming and memary
Working memory
Visual learning and immediate memory
Verbal learning and immediate memary
Visual delaved memory
Verbal delayed memory

Psychamotor efficiency
Speed of information processing
Motor speed
Attention
Visual attention
Sustained attention
Divided attention
Selective attention

Cognitive domains (number of patients included)

Cognitive flexibility
Visual perception

Language |
=16 -14 12
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Figure 16~1. Effect sizes (Cohen’s d) derived fron
diabetes. Adapted from Brands et al. (2005),
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1 3 meta-analysis on cognitive functioning in type 1

2010 Veta-analysis of Type 1 DM Cognition
with age <50

Middle aged type 1 diabetics show mild cognitive deficits on wide range

of neuropsychological tests relative to controls, esp. in processing.speed
and executive functioning. No difference between pts with and without recurrent

severe hypoglycemic episodes.

Brands et al., 2005



edictor of cognitive | |: poor metabolic
(with peripheral neuropathy)

Presence of diffuse lesions on MRI



Iype 2 Diabetes

dependent Diabetes: development

a mean duration of 30 years in type 1 DM
(Brands et al., 2007)




(small to moderate effect sizes (.4-.8):

Cognition: Visuals 1loatlal processing, attention,
klg, language abi

: consequence of poor metabolic control

@ Often co-present CV disease (but DM effects
Independent)




Type 2 DM adult

nger risk whe etes occurs at mid-life than
te life |
etics who take insulin or pills to help control
(_:lisease have a lower Alzheimer's risk.

>eople with schizophrenia are at increased risk
for type 2 DM (before antipsychotic

- medications, which also produce metabolic

~ syndrome)




lype 2 DIVl Cognitive Correlates

labetics equally vulnerable to cognitive

36% show some atrophy when both DM and HTN present

Pirttila, et al., 1992



and Cognitive Functioning

) latlve impact of Cardiovascular risk
itive funct1onm,c_{

NP testing, risk of lower NI
23% (Framingham study):

m More risks, more deficits
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Percent of Living Dementia Patients




-ardiovascular Risk Factors

lic Syndrome (Insulin resistance)

Atherosclerosis— Impaired cerebral blood flow —Brain
Infarction (stroke)



DM & CV Disease:
ntertwined but separate

ders are intertwined

is little evidence for idea that cognitive
irment associated with DM is
equence of comorbid CV disease.

5 DM per se has an effect on cognition that is
- independent of CV disease




scular Disease & DM

e 2x rate of normals:




Mortality in People with Diabetes
Came& of Death

Wy
=
e
n
o
i
(I,
o
F

Ischemic Other DlabetesCancer Stroke Infection Othwer
heart heart
disease disease

Gelss LS et al. In: Diabetes in America. 2™ ad, 1995; chap 11.




= Hypertension: 67% had blood pressure greater
than or equal to 140/90 or used prescription
medications for hypertension.




iter BA plaques/tangles in those
nid-life HTN




piabetes and Likelihood of Dementia

Ott, 1996
Leibson, 1997
Pelia, 2002
Yaffe, 2004

Logroscino, 2004
Arvanitakis, 2004
Whitmer, 2005
Akomolafe, 2006
Luchsinger, 2007
Xu, 2009

Rastas, 2010

Dementia
Dementia
Dementia
MCI
Dementia
MCI

AD
Dementia
AD

MCI
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Dementia
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gypoglycemic Episodes and Dementia in
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1 3+

Number of Hypoglycemic Episodes
Whitmer, Yaffe et al. 2009, JAMA

1 episode: 26 % greater risk of dementia
2 episodes: 115 %

3 + episodes: 160 %

Danger of tight glycemic control




in Type 2 Diabetes

ormalities in Type 2 DM:

=

d subcortical atrophy and infarcts

itive impairments in Type 2 DM are
ted with these MRI abnormalities

But no consistent relation with white matter
- lesions

Brands and Kessels, 2009



DIVl & Atrophy

line in people with Type 2
due to bram atrophy that

zheimer's disease.

atrophy, rather than cerebrovascular
ns, was likely the primary reason for
itive impairment associated with T2DM.

= Pts with DM performed less well in certain
cognitive tests and had greater shrinkage in
specific regions of the brain

Chris Moran, 2013



:.\_n hy not related to Ischemic disease

1on of diabetes and higher fasting plasma
associated with brain volume loss,
 gray matter, possibly reflecting direct

urologic insult.
hemical measures of glycemia were less
stently related to MR imaging changes.

ng plasma glucose was also inversely correlated
ischemic lesion volume; Hemoglobin A, level was
ociated with any MR imaging measure.

= Contrary to common clinical belief, in this sample of
patients with type 2 diabetes mellitus, there was no
association of diabetes characteristics with small vessel
ischemic disease in the brain.

= R. Nick Bryan, et a 1., 2014



Sible deficits?

gnitive deficits may be

abolic control improved at 6 months, so
ures of learning, memory & attention

Naor, et al., 1997



In Elderly

e older than 60 have Type 2

ificantly more likely to have weaker
memory and slower, more executive
functioning.

R. Dixon, 2010



jnitive Speed Decline Early in DM

with diabetes and 424 adults in good
>es 53 and 90.

Sophie E. Yeung , NP, 2009



DM and psychiatric issues

psychological consequences in
dlescents

In addition, depression is associated with a 60%
increased risk of developing type 2 diabetes.




2012 UCSE Health, Aging & Body
;omposition Study

K. Yaffe, et al., 2012



usual suspects

ognitive Decline in DM:

liovascular condition
metabolic control



dence of some
;ognitive Resilience

idence for adverse cognitive effects due

ressive brain disorder?

adults:

peripheral complications
y limited cognitive effects

Type 1 adults do not show pronounced cognitive decline
red to younger

. only odest deficits (not clinically relevant)
Diabetics appear to have neurocognitive resilience

= Role of cognitive reserve




onclusions:

with altered brain function

is only subtle cognitive deficits

st cognitive deficits in young and middle aged individuals

d to poor metabolic control and development of
ascular complications

ot due to occurrence of severe hypoglycemic episodes

Type 2 DM: both cognitive deficits and brain abnormalities
in older pts

m There is diabetes-related cognitive decline that is clinically
relevant in some patients (need NP testing)




sedentary/Decreasing Activity

g Faster Cognitive Decline

| 3,075 adults age 70-79 without dementia

= | ! == “.:;g....,;f"*“"ﬂ-«-»» Change in Physical Activity
- = "ﬂa..;\:““ti
s - g — InoMalnFlue
3 | ~ Decrsase
5 74 Sedentery
82
80
™
2 4 7

Adjusted for age, race, gender,

education, site, diabetes, Year Barnes et al., unpublished 2010
hypertension, smoking, alcohol




= Depression



Jep reséion and Diabetes

OMMmon among people with
tributes to issues with
v _dherence

ession treatment of older adults with
etes and depression reduces death
a 5-year period by 50 percent.




nk Juice, Eat candy
k blood sugar level



diabetes have double the risk of developing
1 to someone without diabetes

a five-year g riod, patients (n = 15,000, age 55+) taking
ormi'n had a 20 perce educed risk of developing dementia
pared to those taking nylureas, thiazolidinediones

5) or insulin.

7 author Dr. Rachel Whitmer, an epidemiologist in the
on of research at Kaiser Permanente in Oakland, CA, said,
rmin could have a possible neuroprotective effect in the

Metformin is the only antidiabetic drug that has been conclusively
shown to prevent the cardiovascular complications of diabetes. It
helps reduce LDL cholesterol and triglyceride levels




Viost Important Tip : Exercise:
AECE ,) ovmg and Keep your Wits

Ingle most powerful and best way
_the risk of cognitive decline.

ic Exercise: increases size of hippocampus

NE John J. Ratey: The Revolutionary New
Science of Exercise and the Brain.

(=
§



en Commandments for Brain Fitness

ercise daily.

1ze risk factors for cerebrovascular
erlipidemia, DM, overweight, smoking)

ranean Diet
wisely

It eat ed
 shall chose thy pa
hall maintain intellectual engagement throughout life

all cultivate and sustain friendships and good
any

1all obtain restful sleep

I. Thou shall enjoy only 1 drink of alcohol
IX. Thou shall manage stress effectively
X.  Thou shall monitor your blood sugar.
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